Mount Merapi eruption in 2010 was one type of eruption with large scale during the last 100 years. Eruptions that was occurred resulting topographic changes in the peak of Mount Merapi, and the possibility of changing the subsurface structure. The research was part of a large study that has been conducted to assess the subsurface changes of pre-and post-eruption of Mount Merapi in 2010. The study discussed observations of free air anomalies pre and after the 2010 eruption. There were grouped into three periods. Processing of air anomalies was free to use using the 2 nd orde calculation method. The results obtained were the changes in the contours of the FAA Mount
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Introduction
Mount Merapi eruption in 2010 reached a scale of 4 VEI (Volcanic Explosivity Index) (Carr et al., 2016) . VEI is a relative measure of the eruption strength at Merapi eruption, or it can be understood as a large-scale quantitative eruption based on the amount of material released during eruption and column height during eruptions (Newhall & Self, 1982) . Information about the activities and dynamics of Merapi eruption is important to study in order to obtain Merapi characteristics. Merapi eruption in 2010 was one type of eruption with large scale during the last 100 years. Eruptions were occurred resulting topographic changes in the peak of Mount Merapi, and the possibility of changing the subsurface structure. Strengthening allegations of changes in subsurface structure due to Merapi eruption in 2010, followed by small eruptions without preceding signs/phases, both eruptions caused by the volcanic activity of Mount Merapi and from ongoing tectonic activities. The research conducted is part of a large study conducted to observe the changes in the subsurface pre and post-eruption in 2010. In this study an observation of the value of free air anomaly.
Materials and Methods
The primary data are gravitational field data and GPS data. Gravitational field data Merapi from 1988 to 2011 consisting of secondary data from the 1986 to 1989 gravitational field measurements (Nesvizhevsky et al., 2000; Diosi, 1987; DeWitt & Brehme, 1960) . The data in 1997 to 2000 gravitational field measurement data Sunantyo & Susanto (2008) , with total data as many as 248 data in 1986 to 1989 as many as 130 secondary data as a result of 2011 to 2012 gravitational field measurements with the available 198 data. The supporting data used is DEM data. DEM data used for the 1987 period. 1989 is DEM data from aerial photographs in 1981. DEM data for the 1997 to 2000 period is the DEM data from Sandwell & Smith (1997) . In fact, the earth shape is closer to the ellipsoid and as and Newton (2013), explained that the attraction between particles is inversely proportional to the square of the distance. As a result, a second order free air correction formula is needed (Li & Gotze, 2001 ):
Based on FA is a free air correction,  is latitude and h is the height of the observation point of z = 0. The anomaly of the free air gravitational field at the observation point, is formulated:
Description:
: absolute gravitational field value at the point of observation : normal gravitational field value in the spheroid reference field FA : correction of free air at the observation point (Li & Gotze, 2001; Simpen et al., 2017) 
Results and Discussions
The results of processing using orde 2 free air correction are as shown in Figure 2 . Free air anomalies in 1988, 1998, and 2011 have contour patterns that are almost equal to the FAA value of 50 MgAl to 100 MgAl in the east and northwest of the research area and in the peak Merapi area of value of free air anomaly is 175 MgAl to 260 MgAl. To facilitate FAA values can be grouped into three, i.e., groups of low anomalous values 50 MgAl to 100 MgAl is represented by purple to dark blue, medium anomaly of 101 MgAl to 175 MgAl is represented by light blue to green and high anomaly at 176 MgAl to 256 MgAl is represented by yellow to pink.
FAA in 1988 was mapped as in Figure 2a with dark blue contours-purple is in the southwest to the northeast with a minimum value in the southeast to the northeast. Low anomalies also appear in the west and northwest towards the peak of Merapi. Medium anomalies which are blue to green form a pattern from the south around Merapi and continue southwest and north. High anomalies exist around the peak continuously to the north of Anomaly high around the peak of Merapi at an elevation of 1400 m and in the southeast at an elevation of 1700 m. Figure 2b is a picture of the FAA contour map in 1998, maps dark blue-purple showing a pattern from southeast to northeast with a minimum value in the east to northeast and in the northwest. High anomalies are in the peak area. The high anomaly at the peak of Merapi starts from an elevation of 1400 m towards the top. The changes in anomalies in the southeastern peak area at an elevation of 1400 m appear to have changed the original yellow color in 1988 to green in 1998. Mapping the subsequent FAA values for data for 2011 is illustrated in Figure 2c , with the contour color distribution as follows: dark blue to purple contours form a pattern from the northwest and northeast with a minimum value in the southeast to the northeast and west to the northwest towards the peak of Mount Merapi. The blue contour appears from the north to form a pattern around Mount Merapi and continues to the south. The high anomaly in the peak area of Mount Merapi starts from the elevation of 1400 m towards the peak. Regarding the observed pattern changes it can be seen that the dynamics occurred at Merapi in the northwest, southeast, east, and northeast of the study area and southeast of the peak of Merapi. The calculation results of the free air anomalies in 1998 and 2011 can be seen that the value of free air anomalies has a value range of 50 MgAl to 256 MgAl as in Table 1 is a table of Table 1 shows the value of free air anomaly in 1988 had the lowest minimum value compared to the free air anomalies of 1998 and 2011, and the highest maximum value compared to 1998 and 2011. Referring to the changes in the height of peak of Merapi, with the height associated and dome growth lava, it is known that h in 1988 was higher than in 1998 and 2011 peak morphological changes caused by the growth of lava domes which formed for some time before eruptions or changes occurred due to erosion in the peak area of Merapi.
Indriana, R. D., Brotopuspito, K. S., Setiawan, A., & Soenantyo, T. A. (2018). Pre and post Mount Merapi eruption of free air anomaly in 2010. International Journal of Physical Sciences and Engineering
The biggest dome growth occurred in the 1979 to 1985 period. Respecting the study on the growth of Merapi lava domes by Ika (2013) , the following results were obtained: Mount Merapi showed the highest height increase in 1962 to 1979 at 90 meters to 115 meters, in 1979 to 1985 amounting to 90 meters to 115, 1985, to 2012 amounted to 40 meters to 76 meters and after the eruption that occurred between 1985 to 2012 there was a reduction in height. The biggest reduction in height of the dome of Mount Merapi occurred in 1985 to 2012 which was marked by a reduction in the volume of Merapi dome by 17.871.781,96 m 3 and a decrease in height of 250 meters due to the large eruption that occurred in 2010. The changes in the peak morphology and elevation of other measurement points will affect the free air correction value. Table 1 shows that the greatest FAA value occurred in the 1998 period which decreased in value in the period 2011. This is possible because in the peak area there was a significant change in elevation such as research conducted by Ika (2013) , namely the growth of lava domes and dome collapse lava. 
Conclusion
The FAA Merapi contour maps in 1988, 1998, and 2011 showed the changes in FAA values as a result of topographic changes that occurred in the peak area of Merapi and suspected subsurface dynamics occurred in the pre and post eruptions of 2010. The subsurface dynamics were thought to be in the northwest, southeast, the east and northeast of the research area and southeast of the peak of Merapi.
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